Abstract: Many life cycle assessments include weighting of environmental impacts. The way these trade-offs are handled affects to what extent an assessment leads to relevant and convincing results. To explore reactions to weighting, group interviews with representatives of Swedish authorities, industrial and public purchasing departments, an environmental nongovernmental organisation, and research bodies were carried out. We conclude that support for study outcomes can best be reached through improved capacity to handle and communicate value differences. The findings suggest that weighting approaches that can accommodate different perspectives, such as panels, may be more effective. The study also revealed that the need to handle value choices in assessments is often poorly understood. This might impede effective assessments since there is a risk of value vacuums, situations where no one takes responsibility for setting environmental priorities.
Introduction
Most environmental product assessments involve trade-offs among environmental impacts. To draw conclusions from such studies, certain impacts need to be prioritised through some form of valuation of their relative severity. Consequently, in a survey of Life Cycle Assessment (LCA) studies carried out in Nordic countries, Hanssen (1999) found that impact assessment methods with a weighting component had been used in 80% of the cases. The way in which this value-laden priority setting among impacts is handled affects the relevance and effectiveness of a study. Therefore, it is a significant research task to investigate how the weighting component might affect interested parties' acceptance of assessment outcomes.
Studies of weighting in LCA have mostly dealt with internal qualities of formal weighting methods, qualities such as consistency, scope, and scientific rigour (for example, Baumann and Rydberg, 1994; Bengtsson, 1998; Braunschweig et al., 1996; Finnveden, 1997; Finnveden et al., 2002; Hertwich et al., 1997; Lindeijer, 1996; Powell et al., 1997) . Although such qualities are important, it is not clear how and to what extent they contribute to effective outcomes in terms of acceptance and support from interested parties.
Acceptance of assessment outcomes is influenced by a number of factors. Clark and Dickson (1999) investigated what makes assessments of global environmental change effective. They identified three main characteristics: saliency, credibility, and legitimacy. These characteristics were specified in EEA (2001) in the following way:
• Saliency, or relevance, is intended to reflect the ability of an assessment to address the particular concerns of a user.
• Credibility is intended to reflect the scientific and technical believability of the assessment to a defined user.
• Legitimacy is a measure of the political acceptability or perceived fairness of an assessment to a user.
Even though Clark and Dickson's assessments are larger in scale than the normal product assessment, it seems plausible that an LCA project also needs to be salient to its intended users, credible with regard to the scientific methods and data employed, and legitimate in the way the assessment is carried out. However, as mentioned above, research on weighting in LCA has primarily been concerned with the scientific credibility aspect. We believe that a broadened research agenda that also addresses the saliency and legitimacy dimensions would benefit both the practitioners of environmental product assessments and those involved in the development of new methods and tools for such assessments.
A recent review article on 'impact assessment practice' (Pennington et al., 2004) gave only very limited attention to trade-offs and weighting, and did not include any empirical information on how weighting approaches are used in practice. We believe that analytical research of assessment methods needs to be complemented by empirical investigations where environmental assessments are regarded as social practices. Among the few researchers who have addressed the issue of how LCA works in real-life settings and how various actors think and argue about the judgement of environmental impacts are Bras-Klapwijk (1999) , Tukker (1999), and van Eeten (1999) . However, weighting and priority-setting was not the main subject of their studies.
One objective of this article is to investigate how relevant and convincing outcomes of environmental product assessments can be achieved when environmental trade-offs are involved. We focus especially on assessments where a life-cycle perspective is used. By taking an empirical approach to environmental assessments, and the handling of trade-offs in such assessments, we seek to investigate what are acceptable methods and principles from the perspectives of potential receivers of LCA studies. A similar interpretive approach to weighting methods was used by Bengtsson (2001) , but with a focus on product developers and product managers in industry.
However, the legitimacy of environmental product assessments is not only a matter of acceptance of methods or abstract principles, but also a matter of procedural aspects such as who is involved and who makes the values choices. Research on user requirements for Environmental Product Declarations (EPD) 1 by Solér (2001) pointed out several questions to be addressed by future research, one of which was the following: "Who…is responsible for making value choices and weighting in relation to EPDs?" Inspired by Solér's question, which, according to our experience, is relevant not only to EPDs, but also to the effectiveness and legitimacy of environmental product assessments in general, a second objective of the present study is to investigate various views regarding who ought to make value choices in environmental product assessments.
Method
Group interviews and focus groups are widely used today for studying people's perspectives, experiences, opinions, and concerns (Barbour and Kitzinger, 1999; Bloor et al., 2001) . We conducted the study by means of three semi-structured group interviews of about two hours each. The three groups included 15 representatives of actors relevant to product-related environmental information. The first group included purchasers, both from the private and public sectors; the second was mixed, including environmental researchers, people working for local authorities, and one NGO representative; the third included people working for various national authorities. The composition of the three interview groups is shown in detail in Table 1 . All participants had relatively long experience dealing with environmental assessments at various levels and in various roles. Some had acted as commissioners of LCA studies, at least one participant had been in the reference group of an LCA study, but none had carried out a full study of their own. They were all familiar with the life-cycle perspective. Some participants were selected because we already knew that they had experience relevant to our study, while others were recommended to us for the same reason. Some participants already knew each other, especially in groups two and three, but did not work together on a regular basis. All group discussions were conducted during the autumn of 2001, and the authors of this article both participated in the group meetings as facilitators. The interview sessions were divided into two parts: the first deals with the comparison of products from an environmental perspective in general, and the second focuses on LCA-specific questions. In the first part, we asked the participants to give examples of what they thought were environmentally adapted products, and to discuss various concepts such as 'environmentally friendly', 'recyclable', and 'sustainable'. We also asked the participants to discuss situations where environmental trade-offs occur, and how, based on their own experiences, such situations should be handled.
In the second part of the interviews, we presented an LCA case study that employed two weighting methods. We asked the participants to discuss the results of that study and the relevance of the weighting methods to the interpretation. We also showed the participants general principles that have been used for weighting in LCA, and asked them to discuss strengths and weaknesses of those principles.
The group discussions were recorded and transcribed verbatim to enable a detailed analysis. Since the interviews were semi-structured, some questions were relatively well-developed and the answers to these could be easily analysed. Apart from answering our direct questions, the participants also brought up many other matters or themes that reflected their concerns and their ways of understanding environmental assessments. They also commented extensively on each other's answers and added opinions and stories that either supported or countered other participants' comments. In introducing the discussions, we explicitly asked for this kind of interaction and pointed out that we did not expect the group to reach a consensus. Several readings of the transcripts allowed us to identify recurring themes that were relevant to the objectives of the study, a procedure often referred to as indexing in the methodology literature (see, for example, Bloor et al., 2001) . For each of the identified themes, illustrative quotations or related lines of reasoning were collected.
Our study is qualitative and includes only a small number of participants, so statistical significance is not the aim. Rather, the purpose is to investigate whether qualitatively different logical approaches, i.e., ways of thinking and reasoning about value choices and weighting in environmental assessments, can be discerned. Knowledge of such patterns is important for both LCA practitioners and researchers. Even though all participants in the study are Swedish, we believe that much, if not most, of our findings, and the discussions we base on these findings, are relevant also to other cultural contexts.
Results and analysis
This section presents the main findings of our study and relates them to previous research. Each quotation is labelled by interview group, for example [IG 1] indicates quotations from the first interview (see Table 1 for a description of the groups). The quotes were edited during translation for improved readability. The first part of the section focuses on LCA, while the second part deals with environmental product assessments and environmental values more in general.
Life cycle assessment
One part of the interviews focused on methods for weighting and impact assessment in LCA. To illustrate how weighting methods have been used in an actual case, we presented a study to the participants that compared PVC and linoleum flooring (Jönsson, 1995) . In addition, we discussed general principles for weighting. In the flooring case, we asked the participants to pretend that agreement had been reached on how the technical system should be modelled and what data should be used in the inventory. This was done because we wanted the groups to concentrate primarily on the impact assessment and interpretation.
Weighting in general
In our presentation of the LCA study, we included results from the weighting methods employed in the original study: EPS (Steen and Ryding, 1992) , which is based on economic measures of environmental impact; and Swedish Ecoscarcity (Baumann et al., 1993) , which is based on political targets for reduction of emissions and resource use. After describing how the technical systems had been modelled, we showed both a fully aggregated comparison of the two flooring materials and pie-charts which showed the relative contribution of various environmental impacts to the total environmental load. The two methods ranked the materials differently and emphasised different impacts. Figures 1 and 2 show examples of how the results were presented to the participants. 
PVC evaluated with EPS
Relative contribution of environmental impacts (a) Others 1%
Carbon dioxide 31%
Fossil resources 68%

Linoleum evaluated with EPS
Relative contribution of environmental impacts (b) Fossil resources 57% Others 8%
Carbon dioxide 35% 
PVC evaluated with ecoscarcity
Relative contribution of environmental impacts (c) Others 16% Hazardous waste 84%
Linoleum evaluated with ecoscarcity
Relative contribution of environmental impacts (d) Hazardous waste 96% Others 4% In general, the other comments on weighting and aggregation fell largely into two categories: the need to compare results with previous experience and knowledge gained from other sources, and the need to use more than one method. The former point can be illustrated by one participant who pointed out that weighting methods can be of help in trying to understand and draw conclusions from a large amount of complex information. However, in the end, analysts and assessment users have to form their own opinions: The participants' expressed need for comparing results with knowledge gained from other sources illustrates that assessment users want to reach robust conclusions, which they can stand for and argue in favour of. Formal weighting methods can strengthen or weaken the conviction that a certain conclusion is correct, but their role might not be decisive. When talking about the need for using several methods another participant said:
"These methods, they are so shaky that when you use them it is extremely useful to have different methods with different starting points that really illustrate how big the differences can be." [IG 2] The quotation indicates the value of highlighting differences among methods and principles, and among the results reached by applying those methods. However, one participant who noted that there might be a resistance to complex information, questioned the feasibility of using many methods:
"I have found that decision makers do not want to hear about statistical dispersion, they want a number. That makes it much easier to make a decision." [IG 3] This participant was worried of those who demand simple answers since it might lead to less robust outcomes. In summary, we found a considerable scepticism towards methods that aggregate results into single score indicators. The participants emphasised that even though there may be a demand for simple answers to complex questions, it is valuable for analysts and assessment users to evaluate environmental trade-offs from dissimilar perspectives. Consequently, they stressed the need for using several methods which is in line with the recommendations given in most LCA guidelines (for example Lindfors et al., 1995; Guinée, 2001; Udo de Haes et al., 2002) .
Weighting principles
After discussing weighting and aggregation in general, we presented four principles that have been used for developing weighting methods in LCA. We were interested in the participants' opinions on these principles and whether they regarded them as useful in assessments for producing convincing results.
Economic measures
In two of the interviews, with the mixed group and the authorities group, economic measures of environmental impact were criticised on several grounds. Among these criticisms were that the results of economic methods appear to be more objective than they actually are, and that all values seem interchangeable once expressed in the same monetary unit.
Some participants, mainly in the authorities group, were less sceptical to economic measures. However, they also pointed out that such measures need to be handled with care because of their uncertainty. In the purchasers group, some participants thought reliable economic measures would be very useful, but they also realised the difficulties of assigning monetary value to environmental impacts.
National political targets
The political system was frequently mentioned as an important value source for assessments. Some participants viewed environmental priority-setting mainly as a political issue.
However, problems with the use of political targets were also identified such as differences among countries. Participants in the authorities group pointed out that priorities, in many cases, also differ among geographical levels. In assessments, it is often necessary to handle both local and national environmental concerns, even though these may conflict.
According to some participants, it is not clear to what extent political goals are relevant to decisions in a particular company or organisation. Such goals already influence decisions through various control measures such as environmental taxes and permits; their relevance beyond these measures is not obvious. In summary, political goals seem to be important value sources, but they cannot be used mechanically; their relevance for the specific situation needs to be determined.
Critical load estimates
The role of natural science in assessments was acknowledged in all groups, but so was the limited capability of science to resolve trade-offs. However, the principle of critical load estimates 3 received general support, not least from the participating environmental scientists. Even so, some participants expressed their concerns regarding scientists who are often so specialised that few are able to define critical load levels in a consistent way for many different environmental problems.
Panels
Panel-based methods form a special case since the principle is of a more procedural kind than the others presented. The use of panels for weighting received relatively strong support in the interviews. Most participants could easily understand and relate to panels because they had experience or knew of cases where panels were used, even though these experiences were mostly unrelated to the use of panels in LCA. One participant compared LCA panels to the kind of consumers' panels arranged to investigate market response to new products. Another participant described the use of panels for product assessments in the following way:
"Product panels come up where you let the parties involved in a product chain work out goals…for a certain product group and they come up with a common picture. Many parties [are involved], you know -it can be authorities and various interest groups -and so you get a kind of…a mini-political process where they reach a common view and that is one way to get away from the absolute." [IG 3] Two different purposes of using panels were identified. First, panels are used to gain a broader understanding of a situation. This relates to the need to learn about other actors' values and to ensure that no important aspects are omitted in the evaluation process:
"It is interesting to hear several different groups approach the same figures, arrive at different weightings, and then justify why they have done what they have done. Suddenly you have a new breadth to your thinking." [IG 2] The second purpose of using panels is to find a consensus. However, one participant felt that there is a danger in using consensus-seeking panels, since important knowledge may be disregarded when compromises are made.
The participants also pointed out that arranging panels is time consuming and costly. This may therefore be only feasible for large organisations and in certain situations:
"One objection to this is that it takes a heck of a lot of time, since you have to discuss just about everything -who should be included and who is responsible for the decisions that are made -and just imagine if there is some disagreement. But on the other hand…with complex problems it may be necessary to let the debate bring out something and it will not be the most optimum result in the world, but that is what you have to do." [IG 3] The composition of panels was mentioned as a crucial point which needs careful handling, but the participants did not express any clear preferences as to how panellists ought to be selected.
The combination of principles
None of the participants was willing to select one generally preferred principle. They acknowledged that in assessment processes, the knowledge of scientists is vital, political priorities play an important role, and inputs from various interest groups are valuable. Consequently, the combination of principles and the use of panels were preferred by some participants.
Impact assessment in general
Some participants questioned the relevance of current impact assessment methods. One reason was related to the emphasis on quantification. In their view, there is a risk that environmental impacts that are relatively easy to quantify and not dependent on the specific conditions of emission and exposure (for example greenhouse gases) get undue attention. The participants who were concerned over this potential bias argued that problems related to chemicals are often underestimated, just because those problems are more complex and therefore difficult to express in a simple way. A few participants were also concerned about the limited capacity of impact assessment methods to handle synergistic or antagonistic effects between various emissions.
The importance of keeping systems for impact assessment up-to-date with the latest knowledge was stressed by many participants. However, it was also pointed out that there is a need for some stability, so that assessments are not too sensitive to short-lived trends. The need for being open to new findings and stability raises the question of how to decide when there is sufficient agreement for an emerging environmental problem to be included in impact assessments. In the future there will be new, previously unknown, environmental hazards, and it is likely that these will be contested for some time until they are widely accepted.
According to our experience, LCA is more suitable for analysing well-established environmental problems than emerging environmental hazards with large uncertainties pertaining to their causes and effects. Misunderstandings can occur when actors have little knowledge about the strengths and limitations of LCA. Examples of such reactions can be found in the LCA literature. Tukker (1999) showed that LCAs carried out by the Dutch chlorine industry did not match the concerns of the environmental movement. In this case, the environmental movement did not accept the industry's arguments which showed that some chlorinated products had lower life-cycle energy consumption than comparable alternatives. The industry's LCA studies missed the point of the environmental movement's criticism of the industry: that it was irresponsible to introduce chlorinated chemicals into society when the health effects of most of these substances were largely unknown. As a result, the studies did not contribute to resolving the controversy.
'Dig where you stand' vs. full life-cycle
Some participants said that in certain situations, a company may have more pressing environmental issues to investigate and improve than life-cycle performance. A company may be regarded as having a higher responsibility for its own direct emissions and its own consumption of resources than for environmental impacts up-stream and down-stream the life cycle. Gradually, the scope of concern and analysis can be expanded and more parts of the life cycle can be taken into account: "It's the old environmental principle of digging where you stand, that is, you start by doing something about what you are responsible for yourself. That way you have a better chance of being an example for others." [IG 2] This would imply that those who carry out environmental assessments and communicate results from such assessments cannot take for granted that the intended audience regards the life-cycle perspective as the most relevant frame of analysis. There might be other ways of looking at the situation which are considered correct and legitimate. Hence, in some cases there may be a need for more narrow system boundaries that include only the activities directly related to the company in question.
Different stages -different concerns?
Some participants in the current study noted that actors along a product chain tend to focus on different environmental aspects depending on their position in the chain. Solér (2001) , and Haugland and Grönhaug (1988 cited Solér, 2001 ) observed similar phenomena. Producers of consumer goods often focus on health-related factors, such as the content of hazardous substances, while actors further up-stream in the product chain may give more attention to production-related parameters such as emission of pollutants and energy consumption.
Since actors along a product chain operate in different business environments with dissimilar demands, they may have reasons for prioritising different environmental aspects. Hence, a universal perspective which can be applied in the assessment of the product life cycle may not exist. This points at a potential conflict between the holistic perspective of LCA and the need for assessment results to be adapted to suit a specific audience. When actors at different stages of a product chain disagree on environmental priorities and therefore draw dissimilar conclusions from an LCA, it may be hard to reach agreement on what should be done to improve the environmental performance of that chain. This might impede changes that require coordinated action from two or more actors in the product chain.
Product assessments and environmental values
This part deals with environmental assessments of products in a more general sense than strict LCA. Based on the participants' experiences, it seeks to identify factors that may complicate assessments and render difficult the handling of environmental values.
'The environment' -an ambiguous issue?
Environmental problems are multidimensional, and the term refers to a broad range of issues, most often without a clear delimitation. Hence, the term 'the environment' is inherently ambiguous, and it often needs clarification. One participant expressed her feelings about working with environmental issues in the following way: "Well, the environment is so much more than just the environment. Sometimes you do not really know what you are talking about I believe. Since the environment is just as much safety as quality, humanism, or morality, the further you go with this concept the more difficult and the more dangerous it becomes." [IG 1] Furthermore, traditional environmental protection, aimed at protecting ecosystems and human health, has become increasingly linked to and integrated with other sustainability concerns such as resource conservation and social issues. From the participants' discussion, it is clear that the broadening of 'the environment' to sustainability has led to increased complexity and ambiguity. Some participants expressed concerns about this broadening, saying there is a risk that traditional environmental issues will be paid less attention.
A large number of concepts are used to indicate that a product has high environmental performance. When shown a selection of such concepts, the participants thought that while some concepts are relatively well-defined, for example 'recyclable', their environmental relevance is seldom obvious. Other concepts, such as 'environmentally smart', were regarded as more able to cover all relevant concerns, but on the other hand more vague and in need of more clarification. It seems difficult to find concepts that both cover all relevant concerns about products' environmental performance, and, at the same time, are clearly defined. Table 2 gives examples of simple and complex product concepts, and lists benefits and drawbacks. The risk of misunderstanding and false consensus caused by the ambiguity was illustrated by one participant who had been working in a project that aimed at improving the environmental performance of lubricants. In that project, it had gradually become clear that environmental improvements meant different things to different project members. Some wanted to focus on toxicity, while others were mostly concerned with finding products made from renewable resources. Even though the project was entirely aimed at environmental improvements, the significance of various aspects of 'the environment' had not been clarified.
Environmental market communication
Some participants said that in many situations, they would avoid talking about 'environmentally friendly products', preferring terms such as 'smart products' or 'high-quality products'. A large number of consumers were reported to have negative attitudes towards "environmentally friendly products" due to beliefs that such products lack in functionality and quality. We also noted that there are trends in how terms and concepts are used. Some participants said that concepts tend to go out of fashion after some time when they are replaced with others. Even though there may be reasons for inventing new terms and concepts, such renewal may further increase the ambiguity of environmental issues.
Because of the ambiguity of 'the environment', companies may experience difficulties when communicating the results of improvement efforts to their customers. This might be one reason why none of the participants said that they viewed environmental adaptation as a strong marketing argument at the time being. For example, some participants discussed the use of LCA in marketing, and noted that LCA results currently seem to have low relevance when used for such purposes:
Participants with experience in the transportation and building industries reported that few companies in these industries seemed to use environmental arguments in marketing.
Market-driven improvements and the risk of value vacuums
One of our research objectives was to investigate the participants' views on how and by whom environmental priorities ought to be set. According to some participants, product-related environmental issues are best handled by the marketplace; the environmental priorities expressed by the customer should be the ultimate guiding principles for a company's environmental efforts. According to this logic, environmental performance of products is not essentially different from other product characteristics. For example, if customers emphasise reductions in greenhouse gas emissions, producers should concentrate their efforts on reducing these emissions, and pay less attention to other environmental aspects.
However, the purchasers in our study said that they did not think they had the necessary knowledge to tell the suppliers what environmental aspects should be prioritised:
"It is not certain that I, as the purchaser of a product, am an expert on the problems related to it, since I may be more of an expert on the problems related to my own manufacturing. And so you have to trust that the person who manufactures this product is aware of what is actually most important." [IG 1] The purchasers said that the demands they place on suppliers should be of a general kind, communicating 'the level of environmental ambition', and that it is the responsibility of the suppliers to prioritise among environmental impacts. Some purchasers reported a trend from detailed technical demands to more general statements and to yes/no demands that are easy to verify:
"At first, we were all over them and said, 'if we do not get this and this and this in these products, and if the detergent needs to contain such and such we won't buy it,' but we do not do that today. Instead, we demand environmental management systems, we offer advice and support, it is more a dialogue all along." [IG 1] Similarly, a study of the Swedish car and energy industries (Jönsson, 2000) showed that market interest in environmental improvements was often restricted to yes/no demands, such as complying with the requirements for an environmental label, using an Environmental Management System (EMS), or being able to provide customers with Environmental Product Declarations (EPD). The use of such demands can be interpreted as a response to the ambiguity of environmental issues discussed earlier.
Thus, if the purchasers express priorities only in the level of 'having an EMS' or similar, the idea that companies should listen to the market for environmental priorities seems difficult to realise. From this we conclude that there is a risk of what we would like to call value vacuums, situations where producers and their customers expect each other to set priorities. In such cases, the responsibility for pointing out the direction for desired improvements will not be taken by any of the actors. The result might be a lack of focus and slow progress towards more sustainable product systems.
Value vacuums may also arise in the use of EPDs. Here, producers say that they want to supply their customers with value-free information that can serve as a basis for environmentally conscious purchasing. However, Solér (2001) found that purchasers did not think they could adequately assess EPDs when trade-offs among environmental aspects were involved. Likewise, there seems to be a risk that no one takes responsibility for resolving trade-offs.
The use of formal methods in assessments
When the participants talked about environmental assessments of products and comparisons between products, materials, and suppliers, they did not emphasise the role of formal methods. Purchasers said that their product appraisals were mostly based on experience and intuition, and they had difficulties describing in detail how such appraisals are made. It was also pointed out that not all relevant environmental characteristics of products can be expressed quantitatively; other kinds of information play an important role. They said that different kinds of knowledge need to be taken into account and integrated. This supports the results we found when discussing weighting methods in LCA.
The participants gave two concrete examples of product assessments where the integration of different perspectives and different kinds of information was seen as crucial: the criteria-setting for an environmental label, and the selection of items for an exhibition of environmentally friendly products. The former was described as an "interactive process involving the knowledge of a number of different actors" [IG 1]. A seemingly important goal in both examples is to arrive at a robust decision by minimising the risk of neglecting important concerns. This goal was achieved through the inclusion of actor groups that represented a range of experiences and values.
We found that most participants felt at ease with setting environmental priorities on a case-to-case basis. In their view, priorities may differ substantially between one situation and another, but this was not seen as a major problem:
"In every situation, there comes a time when you have to ask yourself, 'Which environmental aspect is the most important?' I believe there are just as many answers to this question as there are environmental aspects to a certain situation, and this means there is also no global standard that can be applied to a certain product group." [IG 2] As also noted in Section 3.1.1, some participants stressed the need to form one's own opinion rather than to use ready-made weighting methods that reflect someone else's values: "I do not think you can get anywhere by accepting…judgements made by someone else... But I believe you have to… reach your own opinion about what is important." [IG 1] However, individual preferences and values are not formed in isolation from the surrounding society. Preferences are influenced by the issues that concern customers, by others working in the same organisation, by relevant authorities, by media coverage, etc. What actors and sources of information are regarded as important will vary among individuals, usually depending on the situation.
The role of experts and science in assessments
The participants reported that since more and more people gain experience of dealing with information on products' environmental performance, there is an increasing awareness of the complexity of environmental issues. Even so, they noted that many people do not fully understand the need for handling values in environmental assessments. They said that they themselves had only gradually understood and accepted that environmental assessments always involve judgement and therefore, that such assessments cannot produce undisputable answers. This lack of understanding was seen as a problem, in particular by the participants working for public authorities. Problems arise when private companies, politicians, and other actors want the authority to make clear-cut recommendations concerning the environmental performance of products:
"P: Well, they call the authority and ask what we recommend and we pass, of course, since we can't make those decisions.
MB: So then you are sometimes forced into an expert role that you do not really want to be in? P: We can't, we can't make those decisions." [IG 3] One of the participants in the authorities group had been involved in the establishment of a database on environmentally sound products. He was frustrated over the difficulties of combining this task with the neutral role that is expected of the agency. Similarly, a purchaser from the public sector reported that she is expected to base buying decisions on 'objective criteria', while she knows that environmental demands cannot be objective in a strict sense:
"We are not allowed to just think that something is good or bad, but we have to have an objective criterion and the requirements must be objectively substantiated somehow." [IG 1] Often, this dilemma was solved by formulating demands that are easy to verify, e.g., by demanding that suppliers should have EMSs or that products should be free from some specific material or additive. These are objective demands in the sense that there is little room for disagreement about whether the demand is met or not, but the demands are not objective in the sense that they are free from judgement. Thus, the expectation of objectivity has been met on one level, while nonetheless, there is room for subjective choices. In our opinion, 'objective' may be a misleading word to use in such contexts, since people may wrongly get the impression of something absolute and irrefutable.
In summary, there seem to be high expectations that science and experts will provide clear-cut and objective answers as to what is environmentally preferable. The lack of such answers is a source of frustration both among experts and decision makers. For example, participants working for public authorities generally regarded environmental priority setting as a political task, but pointed out that politicians often have difficulties setting such priorities. We think this is another example of a situation where there is a risk of value vacuums, situations in which two groups expect each other to point out the desired direction for environmental improvements.
To handle environmental trade-offs in product assessments is far more complex than merely to select a ready-made formal weighting method. Environmental assessments are part of social contexts where assessment users and interested parties have their own values and opinions on what is preferable from an environmental point of view. Hence, assessments do not start from scratch, but depend on established ways of thinking. These mind-sets may be challenged, but they are not easily changed. However, existing ways of thinking should not primarily be regarded as obstacles to be overcome by authoritative assessments, but rather as resources for an assessment. They can also be seen as raw materials for producing relevant and convincing results. Assessments that are based on a thorough understanding of interested parties' perspectives and values are more likely to be effective. We believe this is one reason why several participants favoured panel approaches.
In the introduction, three criteria of effective environmental assessments were described: saliency, credibility and legitimacy. The results presented illustrate that environmental product assessments and the decisions based upon them will not necessarily gain acceptance just because credible and scientifically correct information is sent to the target audiences. To be able to handle environmental assessments effectively, companies need to also take into account the saliency and legitimacy dimensions. This requires that they, at least, learn about the priorities and concerns of other actors. Shared interpretations can be reached through dialogues. Two-way communication has the potential to promote learning, thereby laying the groundwork for efficient action. Therefore, companies may gain advantages if they develop their capacity for collaborative learning and dialogues on environmental values across organisational boundaries. Methods that can assist such collaborative learning would be valuable.
The participants in the present study stated that assessments need to be informed by a wide range of perspectives to produce robust results. Thus, methods that can accommodate and integrate various views and perspectives may be more likely to produce effective results. The purpose of such methods would be to facilitate structured discussions on environmental values and priorities, rather than to easily resolve trade-offs. The development of such methods could gain inspiration from recent advances in risk research (for example Multi-Criteria Mapping (Stirling and Mayer, 1999) ), in environmental policy analysis (for example Stakeholder Dialogue Analysis (Clark et al., 1998) ), and in science and technology assessment (for example Deliberative Mapping (Davies et al., 2003) ).
Constraints in time and resources limit the possibility of engaging stakeholders in dialogues, and it is neither feasible nor desirable to do this for every assessment or in every situation that needs decision. In response to the need for simplified assessment methods, increased standardisation has often been called for in the LCA literature (for example Guinée, 2001; Hertwich et al., 2002) . However, the participants in the present study emphasised the uniqueness of assessment situations and the need for analysts to take into account different aspects and concerns according to circumstances. Even though standardised approaches may be beneficial in some situations, it cannot be determined beforehand whether such approaches will lead to salient and legitimate outcomes in a specific case. It may turn out that important interested parties have concerns that are not sufficiently met by the standardised methods. By relying too much on standardised assessment methods and paying too little attention to the situational characteristics, analysts run the risk of producing ineffective outcomes.
The study indicated a support for panel-based approaches to weighting, but observed several criticisms against economic methods. The support for panels agrees with the recommendations given in the most recent guidelines on LCA (Guinée, 2001; Udo de Haas et al., 2002) . However, Udo de Haas et al. (2002) also recommend economic methods. Even though methods based on economic data may seem appealing from a theoretical perspective, they might lack in credibility among users and audiences of environmental assessments. Investigations of how various users and audiences think about economic measures of environmental impacts would be valuable for future development of methods.
Based on the interviews, we observed a risk for value vacuums, situations where it is not clear who should set environmental priorities. The clearest example of value vacuum was found in the relationship between companies and their customers. On the one hand, we found the idea that companies should listen to their customers for guidance on environmental priorities. On the other hand, we noticed that industrial purchasers did not think they had the required competence, or that it was their responsibility, to place explicit environmental demands on the suppliers. Value vacuums were shown to be potential problems since in such cases, environmental improvements may be overshadowed by other concerns. Value vacuums can be caused by actors' lack of understanding of the epistemological basis of environmental product assessments. As found in this study, it can be a difficult and lengthy process for a person to understand that such assessments need to involve both descriptive and normative elements, and to realise what implications this has for assessments. Value vacuums can also be the result of actors' unwillingness to engage in discussions on normative issues related to environmental priorities. Such unwillingness might be due to a lack of time and resources, a lack of experience and competence, or an unwillingness to make normative choices that may be contested.
One way to avoid value vacuums and the associated risks of confusion and slow environmental progress is for actors in product chains to initiate dialogues with each other on the normative bases of environmental assessments and decision making. In addition, for increased transparency, companies can try to formulate environmental policies and guidelines that more clearly indicate their priorities than what is commonly seen today. A task for future research would be to further investigate why value vacuums arise, what consequences they have and how they may be handled.
Another observation was that it seems difficult to find concepts to describe environmentally adapted products. These concepts are usually either too specific or too general. In the former case they fail to cover the whole range of issues related with sustainability and environmental adaptation. In the latter, they are usually defined too vaguely to give any real commitment and direction for improvements. These difficulties are somehow linked with problems caused by value vacuums. If actors do not realise the need for defining sustainability and environmental improvements, and the need for handling values and trade-offs, there is a risk of false consensus where actors believe they agree, but actually have dissimilar ideas.
The participants also reported a tendency to express demands for environmental adaptation only in yes/no terms. We interpreted this as a result of the perceived vagueness of environmental and sustainability issues, and the difficulties to clearly define what an improvement in these areas means. The consequence of this tendency is also a kind of value vacuum since yes/no demands usually give little or no guidance on how to deal with trade-offs.
When discussing panels for environmental evaluation, the participants identified two separate purposes of using such approaches: to promote learning and to find consensus. This distinction can be linked to the more general question of the function of environmental product assessments. One way of looking at assessments emphasises their instrumental function, their ability to provide specific decision situations with relevant information, and to bring any disagreement to a closure by providing an authoritative statement (assessments as decision tools). This function is in line with the rational model of decision making which is common in classical decision theory. Another way of looking at assessments emphasises their role in promoting learning among diverse actors, in bringing people together, and in catalysing change processes (assessments as processes of social learning). This perspective is closer to descriptive decision theory, which emphasises the ambiguous character of decision processes where information is usually incomplete, preferences vaguely articulated, and serendipities often play an important role (e.g., March, 1994) . Processes of social learning contains elements such as building up shared problem perceptions, building trust as a base for critical self-reflection, recognising mutual dependencies among actors, reflecting on subjective values, and engaging in joint problem solving (Pahl-Wostl, 2002) . Most research on environmental product assessments has been based on the rational model of decision making, while few efforts have been made to improve understanding of the other function of assessments: how they can support social learning. This virtually blind spot opens challenging opportunities for further interdisciplinary research on environmental product assessments.
